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NOT I CE 

T h i s  repo r t  was prepared as an account o f  work sponsored by 

an agency o f  the Un i ted  States Government. 

United States nor any agency thereof,  nor any of i t s  
employees, nor any o f  i t s  con t rac tors ,  subcontractors, o r  
t h e i r  employees, makes any warranty, expressed or  impl ied,  
or assumes any l ega l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  any 
t h i r d  p a r t y ' s  use or  the  r e s u l t s  o f  such use o f  any 
information, apparatus, product or  process disclosed i n  t h i s  
repor t  or  represents t h a t  i t s  use by such t h i r d  p a r t y  would 
not i n f r i  nqe p r i v a t e l y  owned r i  ghts. 

Nei ther the 



SECTION I .  INTRODUCTION 

Engelhard's o b j e c t i v e  under the present cont rac t  i s  t o  

con t r i bu te  s u b s t a n t i a l l y  t o  the  nat ional  f u e l  conservat ion program 

by developing a commercial ly v iab le  and c o s t - e f f e c t i v e  phosphoric 

ac id  f u e l  c e l l  powered on -s i t e  in tegrated energy system (OS/IES). 
The fue l  c e l l  o f fers  energy e f f i c i e n c i e s  i n  the  neighborhood o f  

40% of the  lower heat ing  value o f  ava i l ab le  f u e l s  i n  the  form o f  
e l e c t r i c a l  energy. 
heating, v e n t i l a t i n g ,  and a i r -cond i t ion ing  (HVAC), a f u e l  c e l l  
O S / I E S  could prov ide t o t a l  energy e f f i c i e n c i e s  i n  the  neighborhood 

o f  80%. 
o b j e c t i v e  o f  t he  present program, o f f e r s  the  important i n c e n t i v e  
of rep lac ing  imported o i l  with domest ical ly produced fue l .  

By u t i l i z i n g  the thermai energy generated for= 

Also, t he  Engelhard f u e l  c e l l  OS/IES, which i s  t h e  

Engelhard has success fu l l y  completed the  f i r s t  two phases o f  

t h i s  program. 
program w i l l  be the  i n t e g r a t i o n  o f  the  f u e l  c e l l  system i n t o  a 
t o t a l  energy system f o r  mu l t i - f am i l y  r e s i d e n t i a l  and comnercial 

bu i l d ings .  The mandate o f  t he  current Phase I11 e f f o r t  i s  t o  

develop a f u l l - s c a l e  25kW breadboard power p l a n t  module. 
accomplished o b j e c t i v e  i n  Phase 111 was the  i n t e g r a t i o n  and 
t e s t i n g  o f  t he  5kW system whose components were developed dur ing  

Phase 11. 
sub-scale system, scale-up a c t i v i t i e s  have been c a r r i e d  ou t  under 

Phase 111. Throughout t h i s  program, cont inu ing  technology 
development a c t i v i t y  w i l l  be maintained t o  assure t h a t  t he  
performance, re1  i a b i l  i ty ,  and cost ob jec t ives  are at ta ined.  

The cu lmina t ion  o f  t he  pre-comnerc ia l izat ion 

An 

I n  add i t i on  t o  t he  development and t e s t i n g  o f  t h i s  
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SECTION 11. TECHNICAL PROGRESS SUMMARY 

TASK I - 5kW POWER SYSTEM DEVELOPMENT 

The o b j e c t i v e  o f  t h i s  task was t o  complete i n t e g r a t i o n  o f  
t h e  5kW components and sub-systems developed dur ing  Phase 11. 

Steady-load t e s t i n g  o f  the 5kW in tegra ted  system, w i t h  

r e p l 5 r  shuthwns,  was completed dur ing August 1983. 

quent ly,  load- fo l  lowing t e s t i n g  was c a r r i e d  out  successfu l ly ,  as 
t h e  system was operated i n  t h e  fu l ly -automat ic  mode. 

i s  summarized i n  t h e  August-October 1983 Q u a r t e r l y  Report. 

Subse- 

This a c t i v i t y  

TASK I 1  - ON-SITE SYSTEM APPLICATION ANALYSIS 

The purpose o f  t h i s  task was t o  develop an a p p l i c a t i o n  

model f o r  o n - s i t e  in tegra ted  energy systems. The model considers 

f u e l  a v a i l a b i l i t y ,  costs, b u i l d i n g  types and sizes, power 
d i s t r i b u t i o n  requirements ( e l e c t r i c a l  and thermal), waste heat 
u t i l i z a t i o n  p o t e n t i a l ,  types o f  ownership o f  the  OS/ IES,  and g r i d  

connection vs. stand-alone operation. The work o f  t h i s  task was 
c a r r i e d  out under subcontract by Ar thur  D. L i t t l e ,  Inc.  (ADL), and 
t h i s  work has been completed. The main conclusions are sumnarized 

i n  t h e  May-July 1983 Q u a r t e r l y  Report. 
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SECTION I 1  - CONTINUED 

TASK I11 - ON-SITE SYSTEM DEVELOPMENT 

Th is  task forms t h e  core o f  t h e  Phase I11 con t rac t  
e f f o r t .  Work under t h i s  task w i l l  r e s u l t  i n  t h e  breadboard 
design o f  a system f o r  an on -s i t e  app l i ca t ion .  

i s  be ing designed f o r  a r a t e d  output o f  25kW ( e l e c t r i c a l ) .  

task  i s  broken down i n t o  f o u r  sub-tasks as fo l lows:  

The power p l a n t  

Th is  

111-1. Large Stack Development 

111-2. Large Fuel Processor Development 

111-3. Overa l l  System Analysis 

111-4. Overa l l  System Design and Development 

The a c t i v i t i e s  under t h i s  cont rac t  are focus ing on 

Sub-Task 111-1. 
o u t  under p r i v a t e  sponsorship. 

E f f o r t  on the  other sub-tasks i s  be ing c a r r i e d  

SUB-TASK 1. LARGE STACK DEVELOPMENT 

A. LONG-TERM TEST STACKS 

A key a c t i v i t y  i n  t h e  cur ren t  program 

Th is  e f f o r t  w i l l  serve 

i s  long-term r e l i a b i l i t y  t e s t i n g  o f  stacks incorpora t ing  

s ta te -o f - the-ar t  components and concepts. 
t o  v e r i f y  t h e i r  e f fect iveness and d u r a b i l i t y ;  a l t e r n a t i v e l y ,  i f  

problem areas ( o r  p o t e n t i a l  problem areas) are exposed over t h e  
course of t h i s  program, mod i f i ca t ions  w i l l  be implemented as 

appropr ia te  t o  a t t a i n  long-term durabi 1 i ty. 
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SECTION I1 - CONTINUED 

This phase has consisted o f  the  con- 

s t r u c t i o n ,  t e s t i n g  and eva lua t ion  o f  4kW, 13 inch  x 23 inch  stacks. 
The f i r s t  two stacks were e s s e n t i a l l y  t h e  same, each inco rpo ra t i ng  
both the  E-3 type  and E-7 type o f  developmental cathode c a t a l y s t s .  

Much o f  t he  t e s t i n g  u t i l i z e d  syn the t ic  reformate f u e l  (75% He, 
24% C02, 1% CO, mo is tu r ized  t o  about 15% H20). These 25 -ce l l  
stacks were shut down a f t e r  operating f o r  about 7000 and 8400 

hours on load, respec t i ve l y .  

Stack No. 3, which contains 24 c e l l s  

o f  t h e  13 inch  x 23 i nch  size, has been on load about 1600 hours. 
Performance i s  c u r r e n t l y  0.64 v o l t s  per c e l l  on average a t  
161mA/cm2 w i t h  the  stack temperature ranging between 181'C and 

191'C. A stack vo l tage versus time p l o t  i s  shown as F igure  1. 
One coo l i ng  p l a t e  i n t e r f a c e  showed an e r r a t i c  IR-drop du r ing  
December. This was t raced t o  t h e  inadvertent use o f  a K-element 

p a i r  w i t h  undersized groove depths. The stack was shut down f o r  
one day t o  a l l ow  disassembly and rework o f  these elements; it was 
then reassembled and re tu rned t o  load. 

The new technology features 

incorporated i n t o  t h i s  stack are being monitored i n  r e l a t i o n  t o  

t h e  corresponding standard features. 
sub-stack w i t h  a l t e r n a t i v e  acid-transport  layers  are outperforming 
those i n  o ther  sub-stacks thus f a r  (see below), wh i le  t h e  vo l tage 

l o s s  a t  t h e  bottom cur ren t  co l l ec to r ,  which i s  based on gold-clad 

wire, i s  now w e l l  below l O m V  a t  161mA/cm2; t h i s  i s  e a s i l y  i n  
conformi ty  w i t h  t h e  es tab l i shed goal (25mV maximum) and super io r  

t o  t h e  performance of o ther  conf igura t ions  i n  p r i o r  stacks a f t e r  
t he  same pe r iod  of time, as shown i n  F igure  2. 

C e l l s  i n  the  s i x - c e l l  

The temperature 
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SECTION I 1  - CONTINUED 

spread among the interior cells o f  the stack is only about 7'C 
despite the fact that six-cell sub-stacks (between cooling plates) 
are being used, instead of the previous five-cell sub-stacks. 

B. 25kW STACK 

The 25kW stack components are based 
primarily on iiiuse tha t  Were siiccessful:y ei~pjoyed i n  the flrst 

two 4kW (25-cell) stacks (above). Where appropriate in light of 
experimental results obtained on the smaller stacks, design 
modifications were implemented for the 25kW stack. These involved 
acid collection/drainage means to avoid corrosion at the bottom of 
the gas manifolds and a 0.0015 inch thlck gold foil layer at the 
bottom current-collecting plate interface, also to avoid corrosion 
as well as the buildup o f  interfacial IR-loss. 

Recent testing of the stack has 
consisted of diagnostic evaluations using bottled hydrogen fuel. 
Since the reformer is apparently now ready to be recommissioned 
(see below), continuous testing using steam-reformed methanol fuel 
will resume in early February. 

C. 25kW SUPPORT SYSTEMS 

The methanol reformer catalyst was 
reduced, and put replaced (after confirmation of contamination), 

back in operation during January. The load has 
increased; and currently, at a load of 22kW equ 
conversion is essential ly complete ( > 9 9 % ) .  

been gradually 
valent, methano 
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TASK I V  - STACK TECHNOLOGY 

The purpose o f  t h i s  t a s k ,  which w i l l  cont inue through- 

ou t  t h e  cont rac t ,  i s  t o  i nves t i ga te  new mate r ia l s  and component 

concepts through bench-testing and s tack t r i a l s .  The c r i t e r i a  f o r  
s e l e c t i n g  a c t i v i t i e s  under t h i s  task are t h e  prospects f o r  improved 

performance, reduced costs, o r  improved r e l i a b i l i t y .  Improvements 
i n  the  performilrice U i  eiectruciitaiysts,  y e w r a t e d  under Eiiyei haid-  
sponsored Task V I ,  are repor ted  under Task I V .  

A. PERFORMANCE OPTIMIZATION 

ALTERNATIVE ACID-TRANSPORT LAYERS 

Add i t iona l  evaluat ion o f  a l t e r n a t i v e  ac id - t ranspor t  

l a y e r s  has been conducted i n  s ing le-ce l  s .  This  e f f o r t  i s  d i r e c t e d  

toward reducing c e l l  IR- loss as w e l l  as rep lac ing  t h e  current ly-used 
Kureha carbon f i b e r  paper, which i s  no onger ava i l ab le  i n  i t s  

present form. Current ly ,  eva luat ion i s  being c a r r i e d  out  i n  stacks. 
Th is  w i l l  f a c i l i t a t e  meaningful assessment o f  a l t e r n a t i v e  con f igu r -  

a t i ons  by p rov id ing  r e a l i s t i c  condi t ions o f  compressive load and 
ac id  replenishment as we l l  as by a l low ing  l a rge  areas o f  m a t e r i a l  

t o  be tes ted  a t  t h e  same time. 

A f i v e - c e l l ,  10.7 i n c h  x 14 inch  stack was con- 

s t ruc ted  dur ing  October w i t h  an a l t e r n a t i v e  ac id- t ranspor t  l aye r  

con f igu ra t i on  (see Appendix). 
s i g n i f i c a n t  performance loss, while t h e  remaining th ree  c e l l s  have 

Two o f  t h e  f i v e  c e l l s  have shown 

-6- 
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sustained e s s e n t i a l l y  constant performance over about 2300 hours 
on load. The o v e r a l l  performance h i s t o r y  -0 date i s  i l l u s - r a t e d  

i n  F igure  3. 

The r e s u l t s  t o  date suggest t h a t  t h e  a l t e r n a t i v e  

ac id - t ranspor t  l aye r  conf igura t ion  has t h e  c a p a b i l i t y  f o r  improved 

c e l l  performance; t h e  average c e l l  IR- loss i s  about 37mV a t  
161mA/cm2, about 15mV below t h e  t y p i c a l  value i n  stacks, wh i le  

t h e  average c e l l  open-c i rcu i t  voltage exceeds 0.9V. However, i t  i s  
a l so  apparent t n a t  processing condi t ions are no t  y e t  cons is ten t  
enough t o  y i e l d  un i form behavior. 

Th is  ac id- t ranspor t  l aye r  con f igu ra t i on  i s  a lso  
being tes ted  i n  one s i x - c e l l  sub-stack o f  4kW Stack No. 3 (see 

above). These c e l l s  are thus f a r  e x h i b i t i n g  a s t rong performance 
advantage over those i n  o ther  sub-stacks, as shown i n  F igure  4. 

I n  t h i s  case t h e  performance leve ls  o f  t h e  var ious c e l l s  o f  t h e  
s i x - c e l l  sub-stack are q u i t e  uniform ( w i t h i n  a l O m V  range). 

B. COST REDUCTION 

CURRENT COLLECTORS 

Corrosion t e s t i n g  o f  Engelhard- fabr icated gold-clad 

base metal wire, t h e  bas is  f o r  a less expensive cu r ren t - co l l ec t i ng  

p la te ,  continues t o  show no s ign  o f  phosphoric ac id  penet ra t ion  

through t h e  go ld  c ladding a f t e r  seven months o f  immersion a t  200.C. 

A cu r ren t  co l l ec to r  assembly based on t h i s  type o f  

w i r e  has been incorporated i n t o  4kW Stack No. 3 (see above.) 

-7- 



SECTION I 1  - CONTINUED 

BIPOLAR PLATES 

Lower cos t  g raph i te  ma te r ia l s  are being evaluated 
f o r  poss ib le  use i n  b i p o l a r  p la tes.  A ma te r ia l  designated "PH" 
suppl ied by  t h e  SERS D i v i s i o n  o f  Pechiney S.A. was tes ted  f o r  

co r ros ion  cha rac te r i s t i cs ;  also, ABA-type b i p o l a r  p l a t e s  

f a b r i c a t e d  us ing t h i s  ma te r ia l  were t e s t e d  f o r  through-plane gas 

leakage and e l e c t r i c a l  res is tance.  The cor ros ion  t e s t s  showed 

Pii t o  be superior is bsib yraph!ie materials preiii'oiisly s e d  
(I'HLM" f rom Great Lakes Carbon and "9406" f rom Airco-Spear). 

F igu re  5 shows the  respec t ive  corros ion cur ren ts  a t  0.8V versus 
RHE, wh i l e  F igure  6 i l l u s t r a t e s  the cor ros ion  cu r ren t  as a 

f u n c t i o n  o f  p o t e n t i a l .  
i s  apparent f rom F igure  6; t h i s  ind ica tes  t h a t  t h e  advantage o f  

t h i s  ma te r ia l  f rom a cor ros ion  res is tance s tandpoint  would be 

even grea ter  a t  t y p i c a l  f u e l  c e l l  opera t ing  p o t e n t i a l s  (i.e., 
about 0.7V). 

A lower "Tafe l "  slope o f  t he  PH m a t e r i a l  

ABA-type p l a t e s  comprised o f  PH g raph i te  bonded 

with PFA Te f lon  f i l m  showed an ohmic l oss  o f  l ess  than 2mV a t  

161mA/cm2. 
detectable.  

Gas permeabi 1 i t y  a t  room temperature was no t  

C. RELIABILITY 

CARBON SUPPORTS 

The assessment o f  more cor ros ion- res is tan t  

cathode carbon support ma te r ia l s  has s h i f t e d  t o  Gu l f  Acetylene 

Black (GAB), which i s  intended as a replacement f o r  t he  obsolete 

-8- 



SECTION I 1  - CONTINUED 

Shawinigan Black. 
t es ted  i n  s ing le -ce l l s .  

0.711V IR- f ree (161mA/cm2, 191'C, H2-a i r )  a f t e r  about 600 
hours, bu t  i t  i s  ev ident  t h a t  optimum e lec t rode s t r u c t u r e  has no t  
y e t  been achieved w i t h  t h i s  ca ta lys t .  Performance was 0.686V 

(same cond i t ions)  a t  shutdown a f t e r  about 2650 hours on load. 

Cathodes using E-3 c a t a l y s t  on GAB are being 

One c e l l  showed a peak performance o f  

LIFE TESTING I N  SINGLE-CELLS 

A f i x t u r e  i n  which the  aluminum body i s  replaced 

b y  Type 316 s t a i n l e s s  s t e e l  i s  being used i n  s i n g l e - c e l l  t es t i ng ;  
t h i s  i s  expected t o  a l low more meaningful long-term t e s t s  t o  be 

conducted w i thout  t he  compl icat ing e f f e c t s  o f  f i x t u r e  corros ion.  
This  f i x t u r e  has shown no s ign  o f  cor ros ion  a f t e r  a t e s t  o f  1800 

hours dura t ion  and two addi t ional ,  shor ter - term runs. 

TASK V - FUEL PROCESSING SUPPORT 

The i n t e n t  o f  t h i s  task was t o  prov ide background data 

and in fo rmat ion  t o  support t he  design and cons t ruc t ion  o f  an 
opt imized 50kW f u e l  processor under Task 111. 
o f  t h i s  task was devoted t o  screening and l o n g e v i t y  t e s t i n g  o f  
c a t a l y s t s  f o r  steam-reforming o f  methanol. Th is  task i s  now 

comp 1 e t  e. 

Most o f  t he  e f f o r t  

-9- 
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TASK V I  - IMPROVED ELECTROCATALYSTS 

Development a1 e lec t roca ta l  y s t  formul a t  i ons are be l  ng 
prepared under Engelhard sponsorship. These are provided t o  t h e  

main program, and r e s u l t s  are reported under Task I V .  

ca t  a1 y s t  s 
t ime i s  d 
(see Task 

Development i s  being pursued on both cathode and 
and supports; however, the major a c t i v i t y  a t  t h e  
rec ted  toward improved cathode s t a b i l i t y  and ac t  
I V ) .  

-10- 
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SECTION I11 - CURRENT PROBLEMS 

None. 

TASK I11 - ON-SITE SYSTEM DEVELOPMENT 

0 Resume t e s t i n g  of 25kW i n t e g r a t e d  system. 

0 Continue t e s t i n g  o f  4kW Stack No. 3. 

TASK I V  - STACK TECHNOLOGY 

0 Continue evaluat ion o f  a l t e r n a t i v e  ac id - t ranspor t  

l a y e r s  i n  small  stacks. 
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